Anticancer drugs are generally plagued by toxic manifestations at doses necessary for control of various forms of cancer. Incorporating such drugs into liposomes not only reduces toxicity but also enhances the therapeutic index. Some antioxidants and potent immunomodulators have also been shown to impart significant antitumor activity presumably by nonspecific activation of the host immune system. In the present study, we evaluated augmentation of the antitumor activity of etoposide (ETP) by the immunomodulator tuftsin in Swiss albino mice with fibrosarcoma. The efficacies of the free form of ETP, liposomized ETP (Lip-ETP), and tuftsin-bearing liposomized ETP (Tuft-Lip-ETP) formulations were evaluated on the basis of tumor regression, effect on expression level of p53wt and p53mut, and survival of the treated animals. Tuft-Lip-ETP, when administered at a dosage of 10 mg/kg body weight/day for five days, significantly reduced tumor volume, delayed tumor growth, and also up-regulated the expression of p53wt. In contrast, although Lip-ETP delayed tumor growth, it did not decrease tumor size. The results of the present study suggest that tuftsin incorporation in drug-loaded liposomes is a promising treatment strategy for various forms of cancers, including fibrosarcoma.
INTRODUCTION
Etoposide (ETP), a derivative of podophyllotoxin, has been successfully employed as an antineoplastic agent against various forms of cancer. It causes cell death by forming a ternary complex with topoisomerase II and DNA ensuing breakage of DNA (1) and is active against multiple cell lines such as L929 fibroblasts, HL-60, K562, A549 human lung carcinoma cells (2) (3) (4) . It is a part of the first-line therapy for small-cell lung carcinoma (5) , malignant lymphoma (6) , and drug-resistant testicular cancer (7) . Unfortunately, ETP causes dose-limiting hematological (8) as well as gastrointestinal toxicity when administered orally (9) . Furthermore, the lipophilic nature of ETP poses difficulty in development of drug formulations; as a consequence different solubilizers are generally used as co-additives to develop suitable ETP formulations (10) . These additives are often associated with adverse effects such as hypotension, anaphylaxis, and bronchospasm (8, 11) .
Taking into consideration toxicity constraints associated with most of the available chemotherapeutic agents, including ETP, many workers have successfully used liposome-based delivery systems to circumvent these problems (12, (13) (14) (15) (16) (17) . The higher lipophilicity of ETP offers better intercalation in lipid-based liposomal formulations (18, 19) . Liposomes accumulate in the tumors in a gradual passive fashion due to increased "leakiness" of the tumor vasculature (20) . In particular, antineoplastic agents encapsulated in long circulating pegylated liposomes have been found to attain higher concentrations in tumor interstitium, ultimately eliminating tumors with great efficiency (21) . Similarly, the encapsulation of certain anticancer agents into cationic liposomes was also found to enhance their antitumor potential. However, cost factors, cumbersome preparation methods, and more importantly, intrinsic toxic manifestations of cationic lipids limit their usefulness as suitable drug vehicles.
The immunomodulator tuftsin is a tetra peptide (Thr-Lys-Pro-Arg) that binds specifically to macrophages, monocytes, and polymorphonuclear leukocytes and stimulates them to evoke immunomodulatory activity in the host. Many reports have also described antitumor activity of tuftsin against experimental tumors in animal models (22, 23) . Because of tuftsin's intrinsic antitumor properties and its possible role in activation and infiltration of tumoricidal macrophages, administration of tuftsin in combination with a potent antitumor agent can successfully suppress various forms of cancers.
Earlier attempts have demonstrated usage of liposomized ETP (Lip-ETP) in delaying tumor progression, but such treatment failed to regress tumor in model animals (19, 24) . In the present study, we evaluated tuftsin-mediated augmentation of the antitumorogenic potential of ETP against fibrosarcoma induced in Swiss albino mice by the carcinogen benzo (a) pyrene. Development of tumor was ascertained by measurement of tumor volume and confirmed by histopathological examination of the tissues. The tumor-bearing animals were treated with free-form as well as liposomal formulation of ETP with or without tuftsin. The efficacy of various formulations was ascertained on the basis of tumor volume and survival, as well as expression of p53wt and p53mut in the tumor tissues of the animals.
MATERIALS AND METHODS

Chemicals
All the reagents used in the study were of the highest purity available. Egg PC was isolated and purified from hen egg yolk according to published procedure (25) . Cholesterol was bought from Centron Research Laboratory, Mumbai, India, and used after crystallizing three times with methanol. Tuftsin was modified at the C-terminus by attaching a sufficiently long hydrocarbon fatty acyl residue to the C-terminus through an ethylenediamine spacer arm (Thr-Lys-Pro-Arg-NH-(CH 2 ) 2 -NH-CO-C 15 H 31 ), which permits almost quantitative incorporation into liposomes, following the procedure standardized in our lab (26) . Anti-p53 antibody specific for wild-type (wt) protein (clone PAb 1620, Ab-5) and anti-p53mut (clone PAb 240) were purchased from Merck India, Ltd. The horseradish peroxidase-conjugated isotypes were obtained from Bangalore Genei (Bangalore, India).
Animals. Female Swiss albino mice weighing 18 ± 2 g were used in the whole study. The animals were given a standard pellet diet (Hindustan Lever Ltd.) and water ad libitum. Animals were checked daily for their mortality and morbidity prior to commencement of the study, and only healthy animals were included in the experiment. The techniques used for bleeding and injection as well as killing of animals were performed strictly according to mandates approved by the institute's Animal Ethics Committee (Committee for the purpose of control and supervision of Experiments on Animals, Government of India).
Liposome Preparation. Etoposidebearing unilamellar liposomes were prepared from egg PC (49 μmol) and cholesterol (21 μmol) with or without tuftsin (6.66 mol % of PC) following the published procedure (25) . Briefly, the solution of egg PC and ETP (in a ratio of 40:1 w/w) along with cholesterol and tuftsin in chloroform was reduced to a thin dry film with a slow jet of N 2 gas. The dried lipid film was hydrated with 150-mM sterile normal saline, followed by sonication for 1 h at 4 °C under N 2 atmosphere in a bath-type sonicator. The sonicated preparation was centrifuged at 10,000 g for 1 h at 4 °C to remove undispersed lipid. Finally, the liposomal preparation was extensively dialyzed against saline for 24 h at 4 °C in the dark to remove the free form of the drug from the liposomal preparations. Both tuftsin-free and tuftsin-bearing liposomal preparations were found to be of unilamellar type, with a size range of 80 ± 10 nm, as revealed by electron microscopy (data not shown).
ESTIMATION OF LIPOSOME INTERCALATED ETP
The intercalation efficiency of ETP in the liposomes was estimated by an HPLC method (27) . Briefly, specific volumes of standard drug solution of an isocratic were injected onto a Hypersil octyldecyl-silane (5 μm particle size) analytical column (150 × 4.6 mm). Detection of ETP was accomplished with a UV-visible-light detector set at 254 nm. A standard curve of ETP was plotted by calibrating peak area versus amount of the drug injected into the column. The elution buffer consisted mixture of 0.005 M EDTA and methanol (2: 8 v/v). The flow rate was kept at 1.2 mL/min, and retention time was found to be 4.5 min. Finally a known volume of liposomal formulation was injected and the amount present in the sample was determined by the area under the curve. The intercalation efficiency of ETP, both in plain egg PC and tuftsin-bearing liposomes, was found out to be of the same order of magnitude (90% ± 4%).
Estimation of Liposome Intercalated Tuftsin
The amount of tuftsin entrapped in the drug-containing liposomes was estimated by the BCA method, as modified in our lab (28) . Briefly, the liposomes (given volume) were lysed with a Triton X-100 solution and incubated with the mixture of solutions A and B of BCA reagent. The absorbance of the colored complex formed was measured at 600 nm, and tuftsin content was determined using a standard curve of tuftsin plotted in the presence of Triton X-100. The incorporation of tuftsin was found out to be ~98% for both sham as well as ETPcontaining tuftsin-bearing liposomes.
In Vitro Drug Release Assay
Drug release from tuftsin-bearing ETP liposomes into surrounding phosphate buffered saline (PBS; pH 7.4) was determined by the HPLC method, following a standardized protocol as described above (27) . The vials containing Lip-ETP and tuftsin-bearing liposomized ETP (TuftLip-ETP) were incubated with PBS at 37°C under continuous shaking. An aliquot was withdrawn at two different time points (24 h and 48 h) and the mixture was ultracentrifuged at 100,000g for 15 min. The resulting supernatant was analyzed by HPLC method as described earlier. The percentage of in vitro release was calculated with respect to the total drug content in liposomes.
ETP-Mediated Lysis of Human Erythrocytes
The human red blood cells (RBCs) were diluted to 50% hematocrit with isotonic buffer. ETP (free as well as Lip-ETP) was added at a concentration of 10 μg/mL to erythrocyte suspension. The free form of the drug was dissolved in 50 mL of DMSO, and the final volume was made up to 1 mL with PBS (5% DMSO). To study hemolysis, a suspension of RBCs was incubated with 1 mL of free as well as liposomized drug (10 μg/mL) at 37 °C for 1 h and centrifuged at 1500g; then the supernatant was analyzed for the released hemoglobin by measuring the absorbance at 576 nm. The percentage hemolysis was determined by following equation:
Percentage Hemolysis = 100 (Abs-Abs 0 / Abs 100 -Abs 0 ),
where Abs = absorbance of the sample, Abs 0 = Absorbance of negative control (erythrocytes in 5% DMSO) with no ETP Abs 100 = Absorbance of positive control (erythrocytes in 1% Triton X-100) in the presence of 10 μg/mL ETP.
Maximum Tolerated Dose
The maximum tolerated dose (MTD) for the tuftsin bearing liposomal formulation administered intravenously was determined in healthy Swiss albino mice. Doses were escalated in increments starting with 0, 10, 20 40, 100, 200, 400, and 500 mg/kg body weight daily for five days. After completing the preliminary experiments, we defined the approximate MTD using eight groups consisting of 9 mice of each. The drug effects were determined by careful surveillance of weight changes and survival of the experimental animals. The highest nonlethal dose of ETP causing > 10% weight loss within 1 week of cessation from start of the dosing schedule was defined as the MTD. Of the 9 animals in each group, 3 mice received free drug, 3 were given Lip-ETP, and the remaining 3 were given Tuft-Lip-ETP.
Hematological Toxicity Tests
Swiss albino mice were used to analyze the changes in hematological parameters after administration of TuftLip-ETP, Lip-ETP, and the free form of ETP, with respect to time and dose. The mice were randomized into 4 groups.
Group I served as controls and received vehicle treatment, and group II, group III, and group IV mice were treated with free ETP, Lip-ETP, and Tuft-Lip-ETP formulations, respectively, at a dosage of 10 mg/kg body weight/day for 5 days. Drugs were administered through the tail vein. On day seven after the last treatment dose of the analysis, the animals were killed by cervical dislocation while under anesthesia, and blood was withdrawn by cardiac puncture. Total and differential leukocyte and platelet counts were determined using a Sysmex cell counter.
In Vivo Tumor Model
Solid fibrosarcoma was induced in mice according to the published method, with slight modification (29) . Briefly, a single dose of benzo (a) pyrene (250 µg/ animal) was administered subcutaneously into the flanks of the left hind limbs. The mice were observed daily for any change along the dimensions of the two hind limbs. The mice that developed palpable tumors at 90 to 100 d of administration of benzo (a) pyrene were included in the study.
Treatment Schedule and EfficacyAssessment Parameters
The animals were divided into seven groups of 20 animals each. The animals in group I were used as untreated controls (normal healthy) and did not receive any treatment. The tumor-bearing mice were pooled and randomized into 6 groups (group II-VII) ( Table 1 ). The tumors were measured regularly with a Vernier caliper until they reached a volume of 200 mL. At this juncture the mice were treated with 10 mg/kg body weight/day of ETP for five consecutive days, and the first day of treatment was considered day 0. The drug and vehicle were slowly injected into the tail vein. The tumors were measured regularly after treatment, and antitumor activity was assessed by calculating the tumor volume according to the formula:
where V = tumor volume, D = biggest dimension, and d = smallest dimension. Using the median day of death (MDD), we calculated the percentage increase in host life span according to a previously described formula (30) :
Percentage increase in host life span = MDD (treated mice) -MDD (tumor-bearing control mice) × 100 MDD (tumorbearing control mice)
Histopathological Examinations
To assess the development of tumor, three mice were killed by cervical dislocation and fixed in 10% formaldehyde solution. Subsequently, tumor tissues were excised, and sections were prepared using conventional paraffin sections and hemotoxylin-eosin staining.
Preparation of Nuclear Fraction
On day 25 after the administration of the first dose of various forms of ETP, the skin/tumor tissues were removed from experimental mice with sharp scalpel blades. The tissue samples were placed on ice and fat was scrapped off before further processing. Finally, the samples were homogenized and the nuclear fraction was prepared according to a published method (31) .
WESTERN BLOTTING
Using a Western blotting method (32), we analyzed the nuclear fraction for the presence of p53wt and p53mut. Briefly, protein content of the homogenate was estimated by the routine method using BSA as a standard (33) . Proteins (30-50 µg) were resolved under nondenaturing conditions on PAGE for p53wt and on 10% SDS-PAGE gels for p53mut and electroblotted onto nitrocellulose membranes. The blots were probed with appropriate antibodies [i.e., anti-p53wt (clone PAb 1620) and anti-p53mut (clone PAb 240)]. Immunoblots were detected by horseradish peroxidase-conjugated anti-mouse IgG using 3, 3′-diaminobenzidine tetrahydrochloride chromogen. To quantify equal loading, membranes were reprobed with β-actin antibody. Data were presented as the relative pixel density of each of the bands normalized to band of β-actin. The intensity of the bands was quantitated using Alpha Image Analysis software on an Alpha Image Gel Documentation System.
Statistics
All the data were evaluated with SPSS/10.0 software. Multiple groups at the same time points were compared using ANOVA followed by Dunnett's post hoc test. P values <0.05 were considered statistically significant.
RESULTS
When a novel formulation of a given therapeutic agent is developed, it is desirable to have some information about its in vitro stability profile. In this investigation, kinetic studies of in vitro drug release revealed that incubation of Lip-ETP in PBS resulted in slow release of the drug. After 24 h and 48 h, respectively, leakage of ETP from tuftsinbearing ETP liposomes was 12% and 23%, whereas drug release of Lip-ETP was 19% and 38% (Figure 1a) .
Toxicity study results suggest that incorporation of ETP in liposomes markedly lowers its toxicity to erythrocytes. Among various formulations, free ETP was found to show maximum toxicity, resulting in significant hemolysis of erythrocytes. The incorporation of ETP in conventional as well as tuftsin-bearing liposomes resulted in surprising diminution of its toxicity. The Tuft-Lip-ETP formulation imparts less toxicity to erythrocytes (~7% hemolysis) than does conventional liposomal preparation (~12% hemolysis) of the same drug (Figure 1b) .
Loss of body weight in response to the administration of the antineoplastic agent ETP was used as another parameter to assess its toxicity. As shown in Figure 2 , the maximum tolerated doses (MTD) for free ETP, Lip-ETP, and TuftLip-ETP were found to be 165.53, 279.77, and 413.25 mg/kg, respectively (P < 0.001 for Lip-ETP vs free ETP and for Tuft-Lip-ETP vs Lip-ETP).
Hematological tests were performed to evaluate the effect of Lip-ETP on rapidly proliferating hematopoietic cells. The immune cell depletion was significantly greater in the free ETP treated group than in the Lip-ETP treated group, with mean total leukocyte counts of ) compared with groups of animals treated with free (P < 0.001) or Lip-ETP (P < 0.001). Control healthy mice had a total leukocyte count of 12,160/mm 3 at the same time point (Figure 3a) . After therapy, however, no substantial change was observed in the differential leukocyte profile, a finding that suggests that the proliferation of all the components was equally suppressed. A reduction in platelet count was also observed on day 7 in drugtreated groups compared with controls. The mean platelet counts in the free ETP, Lip-ETP, and Tuft-Lip-ETP treated groups were 1.4 ×10 5 /mm 3 (P < 0.001 vs control), 2.1 ×10 Free ETP significantly reduced the total leukocyte count (P < 0.001) compared with controls. Lip-ETP caused lesser myelosuppression compared with free ETP (P < 0.001). Tuft-Lip-ETP depleted fewer leucocytes compared with free ETP (P < 0.001) and Lip-ETP (P < 0.001).
(B) A similar effect was observed on platelet counts as seen for total leukocyte count after treatment with free ETP (P < 0.001). The Lip-ETP group had significantly higher mean platelet counts (P < 0.001) than the free ETP group. The Tuft-Lip-ETP group had even higher platelet counts than the free (P < 0.001) and Lip-ETP (P < 0.001) groups. Data are means ± SD with n = 5 per group. To evaluate in vivo efficacy of various ETP formulations against experimental fibrosarcoma, tumors were developed in model animals. After treatment with benzo (a) pyrene, 90% of the treated animals developed tumors within 90-100 days. The establishment of the tumors was confirmed by histopathological examinations of the tissues. The fibrosarcoma was found to be accompanied by increased vascularization and large pleomorphic, hyperchromatic spindle-shaped cells with anisonucleosis and irregularly dispersed chromatin (Figure 4a and 4b) .
Among various formulations, Tuft-Lip-ETP was found to be more effective that tuftsin-free Lip-ETP or free ETP in treatment of fibrosarcoma. Treatment of the animals with Lip-ETP was started when the tumors attained the size of approximately 200 mm 3 . Mice treated with chemotherapy with Tuft-Lip-ETP at a dose of 10 mg/kg body weight/day for five days All the ETP-treated mice received 10 mg/kg body weight/day for 5 d of drug as a suspension in PBS. The formulations were diluted in PBS so the total volume of administration was always 100 µL. Vehicle-treated groups received only PBS (100 µL), or sham liposomes in PBS (100 µL). Percentage increase in host life span was calculated by the formula as described in Materials and Methods.
therapy had comparatively longer life spans. Table 2 shows the median day of death in each group. Tumor-bearing mice treated with the free form of ETP lived longer than those treated with PBS or with sham liposomes (P < 0.001). Tumorbearing mice treated with Lip-ETP lived longer than those treated with the free form of ETP or with Sham-Tuft-Lip (P < 0.001) (Figure 5b) , and tumor-bearing mice treated with Tuft-Lip-ETP lived longer than those treated with ShamTuft-Lip-ETP or with Lip-ETP (P < 0.001).
Exposure to the carcinogenic agent benzo (a) pyrene followed by treatment with ETP resulted in transient weight loss in treated animals. The treatment with liposomized ETP mitigated weight loss to varying levels depending on the ETP formulation used for the treatment (data not shown).
Because p53 is crucial for regulating growth and death of cells, its presence was used as a parameter to study the antitumoricidal effect of the tuftsin. The levels of p53wt protein were significantly reduced in fibrosarcoma-bearing animals, which were treated with PBS and sham liposomes (vehicle controls), compared with untreated healthy controls (Figure 6a, lanes 1, 2 and 3 Mice treated with tuftsin-bearing liposomal ETP showed a low level of p53mut similar to that of the healthy mice not exposed to benzo (a) pyrene, whereas upregulation of p53mut occurred in animals exposed to benzo (a) pyrene and subsequently treated with vehicle controls (Figure 6b, lanes 1, 2, 3 and 7) . As depicted in Figure 6b , 85 % down-regulation in the expression level of p53mut occurred in the animals treated with TuftLip-ETP compared with the animals treated with vehicle only (PBS and sham liposomes). In the group of animals treated with Lip-ETP, the reduction was 68 %, and 50 % down-regulation occurred in the animals treated with the free form of ETP and 30 % in the animals treated with Sham-Tuft-Lip. These results clearly demonstrate ETP-mediated down-regulation of p53mut, which was more marked upon its intercalation along with tuftsin in the liposomes used in the present study (Figure 6b ).
DISCUSSION
Drugs used in cancer treatment generally have severe toxic manifestations and undesirable side effects. The use of most of the anticancer drugs, including ETP, is also limited by an ever-increasing trend of multidrug resistance by cancerous cells. This resistance is mainly due to the drug efflux mediated by an array of transporters, p-glycoproteins such as pgp4, and other multidrug resistance proteins, chiefly MRP1, MRP2, and MRP3 (34) (35) (36) . Thus ongoing development of newer formulations of ETP with less toxicity that also can circumvent the problem of drug resistance is crucial. One possible solution is the use of drug delivery systems that can specifically deliver anticancer drugs solely to tumor tissues. ETP entrapped in liposomes has been found to be an effective application of this method (19, 24) . Liposomes are lipidbased vesicles that enable efficient and targeted delivery of drugs to the desired site (15, 17) . Moreover, liposomized anticancer formulations can circumvent drug efflux and achieve adequate drug concentrations in the target cells to enable tumor cell killing, because liposome-mediated disposition interacts well with drug efflux mediated by p-glycoprotein transporters (37) (38) (39) (40) (41) .
We attempted to further enhance the therapeutic efficacy of liposomal ETP by the incorporation of the immunomodulator tuftsin. Immunomodulators are biological response modifiers and can also exert antitumor effects by improving host defense mechanisms against the tumor. Tuftsin has been shown to have antiproliferative effects on tumor cells and also enhance the ability of the host to tolerate damage by toxic chemicals that may be used to destroy the cancer cells (42, 43) . Immunomodulatory therapy could thus provide an alternative to conventional chemotherapy for a variety of disease conditions, especially when host defense mechanisms are impaired and need appropriate activation. To suppress tumors in vivo, macrophages must first infiltrate to the desired site. It is well documented that the presence of inflammatory macrophages in growing tumors is maintained through recruitment of circulating monocytes (44) (45) (46) (47) and in certain tumors, the proliferation of mononuclear phagocytes (48) . Activated macrophages can destroy syngeneic, allogeneic, and xenogeneic tumor cells but leave normal nontumorigenic cells unharmed, suggesting that histocompatibility and tumor-specific antigens are not involved in this recognition (49) . In addition, differences in metastatic potential, chromosome number, resistance to chemotherapeutic agents, or the antigenic properties of tumor cells did not appear to be important factors for macrophage recognition of tumor cells (50, 51) . Successful treatment of metastases by the intravenous injection of liposomes containing immunomodulators has been reported for several tumor-host models, including mouse fibrosarcoma (52) (53) (54) (55) , melanomas (56, 57) , lung carcinoma (58) , and colon carcinoma (59) . Macrophages are believed to migrate to local regions of inflammation and the sites of tumor growth, where they induce further immune reactivity against tumor cells. The treatment of tumors could be achieved by first delivering the drug to the RES and concomitant activation of their components (eg, macrophages) for their tumoricidal activity by a desirable immunomodulator. Being particulate in nature, liposomes are avidly taken up by macrophages that act as secondary de-pots of the drug. After reaching the tumor site these macrophages release the drug and thereby bring about tumor cell death. At the outset, we speculated that our novel formulation comprising the immunomodulator tuftsin grafted on the surface of liposomes along with ETP would be able to eliminate fibrosarcoma in Swiss albino mice.
In our previous studies, we have demonstrated that pretreatment with liposomized tuftsin led to the successful elimination of a range of pathogens in leukopenic mice (27, 60, 61) . The antitumor activity of tuftsin has long been recognized, but no evaluation has been made of the therapeutic potential of its liposomized form or a tuftsin-bearing liposomal preparation of any anticancer agent. In the present study, we evaluated the anticancer potential of Tuft-Lip-ETP against experimental fibrosarcoma because ETP has cytotoxic properties and the immunomodulator tuftsin possesses both antitumor and immunomodulatory properties to coactivate immune system. Our results are well in agreement with our hypothesis, because this novel formulation of liposomized ETP with tuftsin grafted on the surface was found to be more effective than its free form. MDD studies also demonstrated increased life span in animals treated with Tuft-Lip-ETP. More importantly, significant tumor regression was also found in the animals treated with Tuft-Lip-ETP. Enhanced efficacy of tuftsin-bearing ETP liposomes might be due to the fact that tuftsin helps in specific targeting to macrophages that will subsequently infiltrate to the tumor site. Treatment with free ETP and Sham-Tuft-Lip were not very effective in killing tumor cells.
The tumor suppressor gene p53 is regarded as a key factor in maintaining the balance between cell growth and cell death (62, 63) and is reported to be mutated in ∼80% of all human malignancies (64) . Because of its role in regulation of the cell cycle, alterations in p53 are critical events in carcinogenesis. Normally, in response to toxic insults p53wt triggers a chain of cell cycle regulatory events to check the proliferation of altered cells and repair or minimize damage (62, 63) . In tumors, loss of p53wt prevents the activation of this growth control pathway (65) . The failure to induce transcriptionally active p53wt plays a role in the unregulated growth of tumors and also in the failure to respond to chemotherapeutic agents, which normally trigger p53wt, and regulates cell cycle arrest or cell death (66) . The balance between p53wt and p53mut determines the fate of the cell, and many chemotherapeutic agents are known to exert their anticancer effects by modulating p53wt and p53mut expression levels (67) (68) (69) . The results of the present study showed increased upregulation of p53wt and down-regulation of p53mut by liposomal formulations of ETP. ETP acts intrinsically by modulating the balance between p53wt and p53mut protein expression, suppressing p53mut and enhancing tumor suppressor p53wt (2-4,68). As evident from the present study, the effect of ETP on p53wt enhanced and reduced p53mut upon its liposomization along with tuftsin ( Figure  6a and 6b) .
On the basis of the data of the present study, we conclude that Tuft-Lip-ETP is an effective formulation for treatment of fibrosarcoma and can pave the way for treatment of other forms of cancer. Moreover it is imperative to speculate that formulation of tuftsin-bearing liposomes in combination with other anticancer drugs may be equally effective against various form of cancer.
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